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摘  要  2008年初, 我国南方19个省经历了50年一遇的持续低温雨雪冰冻天气。极端气候对华南沿海各省的红树林区造成
不同程度的危害。2008年3月, 在我国南方各省红树林区的10个代表性地点, 对这次寒害造成的红树植物伤害程度进行了系统
的调查。结果表明: 冬季低温对红树林的影响极为显著, 特别是在低纬度的海南、广西和广东湛江, 由于极端低温正值夜间
退潮, 对红树林的影响更为显著; 在纬度较高的福建, 本地红树种类秋茄(Kandelia obovata)、桐花树(Aegiceras corniculatum)
和白骨壤(Avicennia marina)及引种的木榄(Bruguiera gymnorrhiza)等, 由于长期适应于冬季较低的气温或在种植前经过抗寒
锻炼, 具有较强的抗寒能力。各地主要红树植物中, 广布种秋茄、桐花树和白骨壤最为耐寒, 其耐寒性均大于红树科的木榄、
海莲(Bruguiera sexangula)和红海榄(Rhizophora stylosa)。海桑(Sonneratia caseolaris)对温度的敏感性最强, 抗寒能力最低, 因
此, 即使在其原产地海南也受到较为严重的寒害, 在纬度更高的引种地出现大面积受害甚至全部死亡, 而从孟加拉国引种的
无瓣海桑(Sonneratia apetala)却显示出一定的抗寒能力。同一地点的红树植物幼苗的抗寒能力低于大树。此次寒害也造成了
苗圃场的种苗大量死亡, 成熟的植株提前落花落果, 这势必会影响后继一两年内红树林的自然更新和人工造林。因此, 在未
来红树林造林或人工引种中, 一定要考虑到红树植物的抗寒能力。 
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Abstract   
Aims  Unusually low temperatures associated with heavy rain, snow and frost occurred in 19 provinces in south-
ern China in January–February 2008. Our objectives were to evaluate the impact of the cold weather event on 
mangroves and to compare differences in cold tolerance between exotic and native mangrove species. 
Methods  In March 2008, we conducted an intensive survey of cold damage in ten mangrove nature reserves 
along the coastal areas of mainland China. Parameters such as scorch percentage, defoliation percentage and leaf 
Fv/Fm values (an indicator of leaf physiological health) were determined on selected seedlings and trees of the 
mangrove species at each site.  
Important findings  With low latitudes in Hainan, Guangxi and Zhanjiang of Guangdong, low air temperature 
coupled with the ebb tide at night, which caused serious damage to several mangrove species. However, native 
mangrove species in Fujian, such as Kandelia obovata, Aegiceras corniculatum, Avicennia marina and trans-
planted Bruguiera gymnorrhiza, which were adapted to low temperature events in winters, had higher cold resis-
tance. Among all mangrove species surveyed, K. obovata, Aegiceras corniculatum and Avicennia marina were the 
most cold-resistant, followed by B. gymnorrhiza, B. sexangula and Rhizophora stylosa, which belong to the  
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family Rhizophoraceae. Sonneratia caseolaris was the least cold-resistent mangrove species, having suffered se-
rious damage or even complete loss in some locations. S. apetala introduced from Bangladesh showed much less 
damage than its counterpart S. caseolaris, indicating higher resistance to low temperature. Furthermore, mangrove 
seedlings were more sensitive than mature trees. The extreme cold event killed many mangrove seedlings in the 
nurseries and caused immature flowers and fruits to drop from trees, which would have an adverse effect on man-
grove natural reproduction and reforestation projects. Thus, it is essential to consider cold resistance in future 
mangrove afforestration and restoration projects. 
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2  研究方法 





2.2  调查方法 
2.2.1  植株枯黄程度   
在对各地红树林进行踏查的基础上, 选择代表
性群落, 估测植株的枯黄程度(以枯黄叶片占整个
植株叶片的百分比表示)。     
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表1  红树林寒害调查研究地点的主要环境特征 

















福建省 Fujian Province      
宁德 Ningde 26º41′ 19.0 10.3 1 250 正规半日潮 
Regular semi-diurnal tide 
龙海 Longhai 24º26′ 21.0 12.2 1 365 正规半日潮 
Regular semi-diurnal tide 
云霄 Yunxiao 23º54′ 21.2 12.9 1 714 正规半日潮 
Regular semi-diurnal tide 
广东省 Guangdong Province      
深圳 Shenzhen 22º32′ 22.5 14.1 1 927 不正规半日潮 
Irregular semi-diurnal tide
湛江高桥  
Gaoqiao in Zhanjiang 
21º34′ 23.0 16.0 1 500 混合全日潮 
Mix diurnal tide 
湛江雷州 
Leizhou in Zhanjiang 
21º00′ 23.0 16.0 1 500 不正规半日潮 
Irregular semi-diurnal tide
广西壮族自治区 Guangxi Zhuang Autonomous Region   
防城港 Fangchenggang 21º28′ 22.5 14.1 2 220 正规全日潮 
Regular diurnal tide 
钦州 Qinzhou 21º43′ 22.0 13.4 2 075 不正规全日潮 
Irregular diurnal tide 
海南省 Hainan Province     
海口 Haikou 19º54′ 23.8 12.1 1 676 不正规全日潮 
Irregular diurnal tide 
文昌 Wenchang 19º34′ 24.0 18.3 1 974 不正规全日潮 
Irregular diurnal tide 
 
 




2.2.3  叶片健康指数(Fv/Fm)   
选取步骤2.2.2采集的植株, 用叶绿素荧光仪
(PAM-2100, Heinz Walz GMBH, Effeltrich, Ger-
many)随机测定仍保留在枝条上的成熟叶片的Fv/Fm
值。 








2.3  数据分析 
各地本地种和外来种的差异用独立样本t检验




种 )。所有数据用SPSS 13.0软件进行统计 , 用
SigmaPlot 10.0做图。 
3  结果 


























Fig. 1 Anomaly of diurnal air temperature and precipitation at 



























种的叶片Fv/Fm值也显著高于外来种红树植物。但在      
 
表2  各调查地点所调查的主要红树植物种类 
Table 2 Mangrove species surveyed at each site 
















宁德 Ningde N – – – – – – – 
龙海 Longhai N N N E E E – E 
云霄 Yunxiao N N N N – – – – 
深圳 Shenzhen N N N N – E E E 
湛江高桥 Gaoqiao in Zhanjiang N N N N N – – E 
湛江雷州 Leizhou in Zhanjiang N N N – N E  – E 
防城港 Fangchenggang N N N N – – – E 
钦州 Qinzhou N N N N N – – – 
海口 Haikou N N N N N N E E 
文昌 Wenchang N N N N – N N – 
–, 没有此种植物; E, 外来种; N, 本地种; Ko, Kandelia obovata, 原名为Kandelia candel (Sheue et al., 2003)。 
–, no such species at the site; E, exotic species; N, native species; Ko, Kandelia obovata, formerly Kandelia candel (Sheue et al., 2003). Ac, Ae-
giceras corniculatum; Am, Avicennia marina; Bg, Bruguiera gymnorrhiza; Bs, Bruguiera sexangula; Rs, Rhizophora stylosa; Sa, Sonneratia 
apetala; Sc, Sonneratia caseolaris.   
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表3  各调查地点主要红树植物种类植株枯黄程度(%) 
Table 3 Scorch percentage (%) for the mangrove trees at each site 
















宁德 Ningde 0 – – – – – – – 
龙海 Longhai 0 0 0 5 50 20 – 5 
云霄 Yunxiao 0 0 0 0 – – – – 
深圳 Shenzhen 0 0 0 0 ND 97 100 20 
湛江高桥 Gaoqiao in Zhanjiang 0 0 0 35 45 – – 50 
湛江雷州 Leizhou in Zhanjiang 0 0 5 ND 15 90 – 50 
防城港 Fangchenggang 0 0 30 ND – – – 100 
钦州 Qinzhou 0 0 40 30 100 – – – 
海口 Haikou 0 0 0 0 ND 0 75 40 
文昌 Wenchang 0 0 0 0 ND 0 80 – 
ND, 无数据; –, 没有此种植物。   




表4  各调查地点主要的本地种和引种红树植物的落叶程度(%) 





















宁德 Ningde 0.0 – – – – – – – – 
龙海 Longhai 0.0 0.0 0.0 11.5 30.2 35.1  24.4 –5.467*** 
云霄 Yunxiao 0.0 0.0 0.0 0.0 – – – – – 
深圳 Shenzhen 0.0 0.0 0.0 0.0 ND 65.3 100 44.5 –7.434*** 
湛江高桥 Gaoqiao in Zhanjiang 0.0 0.0 ND 25.0 19.2 – – 52.2 –5.904*** 
湛江雷州 Leizhou in Zhanjiang 0.0 0.0 24.1 – 64.0 – – 56.9 –9.329*** 
防城港 Fangchenggang 0.0 0.0 ND ND – – – 100 – 
钦州 Qinzhou 0.0 0.0 20 15 100 – – 100 – 
海口 Haikou 0.0 0.0 0.0 0.0 0.0 0.0 40.7 25.4 –10.137*** 
文昌 Wenchang 0.0 0.0 0.0 0.0 ND 0.0 54.2 – – 
***表示外来种和本地种红树植物的t值差异极显著(p <0.001); –, 没有此种植物; ND, 无数据。    
The t-value is significant difference for the comparison between the exotic and native mangrove trees with *** for p < 0.001; –, no such species at the 







Fig. 2 Comparison in the Fv/Fm values between mangrove trees 












总体而言, 幼苗的叶片Fv/Fm值显著低于大树(F1,5 = 
39.664, p < 0.001)。 
3.3  苗圃内幼苗的受害程度 
苗圃中的红树林幼苗在经历低温寒害之后, 出 
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表5  各调查地点主要红树植物的叶片健康指数(Fv / Fm)(平均值±标准误) 





















宁德 Ningde ND – – – – – – – – 
龙海 Longhai 0.79 ± 0.01 0.73 ± 0.01 0.75 ± 0.01 0.66 ± 0.03 0.23 ± 0.02 0.56 ± 0.02 – 0.73 ± 0.01 3.127**
云霄 Yunxiao ND ND ND ND – – – – – 
深圳 Shenzhen 0.85 ± 0.00 0.79 ± 0.00 0.82 ± 0.00 0.71 ± 0.03 – 0.76 ± 0.01 ND 0.81 ± 0.00 2.282**
湛江高桥 
Gaoqiao in Zhanjiang 
0.81 ± 0.01 ND ND 0.73 ± 0.01 0.69 ± 0.02 – – 0.80 ± 0.01 –2.102 
湛江雷州 
Leizhou in Zhanjiang 
0.84 ± 0.01 0.77 ± 0.01 0.81 ± 0.00 – 0.72 ± 0.01 ND – 0.79 ± 0.01 2.243 
防城港 
Fangchenggang 
ND ND ND ND – – – ND – 
钦州 Qinzhou 0.83 ± 0.00 0.81 ± 0.00 0.82 ± 0.00 0.79 ± 0.00 ND – – – – 
海口 Haikou 0.83 ± 0.01 0.77 ± 0.01 0.83 ± 0.00 0.82 ± 0.00 0.82 ± 0.00 0.80 ± 0.01 0.83 ± 0.01 0.80 ± 0.01 –0.644 
文昌 Wenchang ND 0.79 ± 0.01 0.83 ± 0.00 0.83 ± 0.01 ND 0.83 ± 0.01 0.82 ± 0.00 – – 
表注同表4。 
Notes see Table 4. 
 
 
表6  不同位点外来种与本地种的落叶百分比和大树叶片Fv/Fm值的多元方差分析(F值) 
Table 6 Significance values (F value) of multivariate analysis-of-variance (MANOVA) for the comparisons in defoliation percentage 
and leaf Fv/Fm values of trees between the exotic and native species  
落叶百分比 Percentage of defoliation  大树的Fv/Fm  Fv/Fm values for trees  
df F df F 
树种 Species 1 333.56*** 1 7.530** 
样地 Sample plot 5 15.864*** 4 4.963** 
树种×样地 Species×Sample plot 5 14.583*** 4 3.516* 
*, p < 0.05; **, p < 0.01; ***, p < 0.001. 
 
 
表7  各调查地点苗圃红树植物幼苗的死亡率(%) 
Table 7 Mangrove seedling mortality (%) in selected nurseries at each study site 
















宁德 Ningde 0 100 – 100 – – – – 
深圳 Shenzhen 0 0 0 70 95 95 100 100 
湛江高桥 Gaoqiao in Zhanjiang – – – 75 90 – – 100 
湛江雷州 Leizhou in Zhanjiang – – 20 50 – – – 100 
防城港 Fangchenggang 0 – – 90 100 – – – 
钦州 Qinzhou 0 – – – – – – 99 
海口 Haikou – – – – – – 80 20 
文昌 Wenchang – – – – – 40 – – 
–, 没有此种植物。 






















莲; Ko, 秋茄; Lr, 榄李; Ra, 红树; Rs, 红海榄; Sa, 杯萼海
桑; Sc, 海桑; Sg, 拟海桑; Sh1, 海南海桑; Sh2, 瓶花木; So, 
卵叶海桑; Xg, 木果楝。 
Fig. 3 Relative flowering or fruiting percentages (%) of some 
mangrove species after the extreme cold event (2008) in com-
parison with those in a normal year (2007) in Qinglangang 
Mangrove Nature Reserve.  Bs, Bruguiera sexangula; Ko, 
Kandelia obovata; Lr, Lumnitzera racemosa; Ra, Rhizophora 
apiculata; Rs, R. stylosa; Sa, Sonneratia alba; Sc, Sonneratia 
caseolaris; Sg, S. × gulngai; Sh1, S. × hainanensis; Sh2, Scy-












4  讨论 





程最大降温幅度均达到10–18 ℃, 部分地区超过18 
℃。图1表明: 在华南沿海, 即我国主要的红树林分
布区, 样点之间降温幅度有所差异: 广西沿海的钦























































































4.3  红树林生态恢复的树种选择和管理 
在红树林湿地生态恢复工程中, 树种选择的重
要指标之一就是植物的抗寒能力(莫竹承等, 1995; 
李云等, 1997; 杨盛昌和林鹏, 1998)。从2008年初的
极端低温对我国各地红树林带来的损坏程度可以
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